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Description 

METHOD OF FABRICATING A BIPOLAR 
JUNCTION TRANSISTOR 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a method of fabricating a 
bipolar junction transistor (BJT), and more particularly, to 
a method of fabricating a vertical BJT. 

[0003] 2. Description of the Prior Art 

[0004] a BJT utilizes two types of carriers, "electrons" and "hot 
holes", to transmit current. The BJT continues to be a ba- 
sic circuit element in integrated circuits due to its high 
switching capability and current carrying capacity. A BiC- 
MOS transistor is constructed by a particular combination 
of the BJT and a complementary metal oxide semiconduc- 
tor (CMOS) transistor positioned on the same integrated 
circuit, so as to speed up an operation of the CMOS tran- 
sistor. Currently, multiple masking steps are used to com- 



bine sequences of the BJT fabrication steps and the CMOS 
transistor fabrication steps, which increasing complication 
of the total processing steps. 
[0005] Referring to Figs. 1-6, Figs. 1-6 are schematic diagrams of 
a method of fabricating a BJT according to the prior art. In 
the conventional method of fabricating a BiCMOS transis- 
tor, masking steps for fabricating the BJT are added into 
the processing steps of the CMOS transistor. Since the 
processing steps of the CMOS transistor are already well 
known by the current industry, they are not shown in Figs. 
1-6. Figs. 1-6 are focused on illustrating the processing 
steps of the BJT only. As shown in Fig.l, a P- silicon sub- 
strate 10 having a buried N+ doping region 12 and an N+ 
epitaxial layer 14 positioned on the buried N+ doping re- 
gion 12 is provided. Normally, the buried N+ doping re- 
gion 12 is positioned at a predetermined depth within the 
substrate 10. In order to avoid a misalignment between 
the buried N+ doping region 12 and other devices, several 
alignment marks (not shown) are often formed on the 
substrate 10, for example formed in scribe lines of the 
substrate 10. 

[0006] As shown in Fig. 2, an N well 16 is formed on the sub- 
strate 10, and a plurality of field oxide layers 20 are 



formed on the N well 16 to define positions for forming a 
collector and a base of the BJT. Following that, an ion im- 
plantation process is performed to form a buried P+ dop- 
ing region 18 around the N well 16. The buried P+ doping 
region 18 is used as a channel stop to prevent ions of the 
N well 16 from diffusing into adjacent devices. 

[0007] As shown in Fig. 3, another ion implantation process is 
performed to form an N+ collector 22 in the N well 16. A 
thermal treatment is then used to drive in the N well 16 
and the N+ epitaxial layer 14 into the N+ collector 22, 
thus contacting the N+ collector 22 with the buried N+ 
doping region 12. As shown in Fig. 4, a mask 24 is 
formed in the substrate 10, the mask 24 having an open- 
ing therein to expose the position for forming the base of 
the BJT. Following that, an ion implantation process is 
performed to form a P+ base 26 on a portion of the N well 
16 not covered by the mask 24. 

[0008] As shown in Fig. 5, a doped polysilicon layer 28 is de- 
posited on the substrate 10 followed by using a pho- 
tolithographic process and an etching process to remove a 
portion of the polysilicon layer 28, thus forming an N+ 
emitter 28 on the P+ base 26. Normally, the deposition 
process of the polysilicon layer 28 can be used to deposit 



a polysilicon layer of a gate structure of the CMOS transis- 
tor, too. In addition, the polysilicon layer 28 can be doped 
together with a source/drain of the CMOS transistor. Fol- 
lowing that, depending on the characteristic demands of 
the products, a spacer 30 is optionally formed on either 
side of the N+ emitter 28, so that a self-aligned silicida- 
tion process can be used to form a silicide layer on sur- 
faces of the N+ collector 22, the P+ base 26 and the N+ 
emitter 28 to reduce their contact resistance. Alterna- 
tively, a dielectric layer (not shown), such as a borophos- 
phosilicate glass (BPSG) can be formed on the substrate 
10. The dielectric layer has several openings therein to re- 
spectively connect to the N+ collector 22, the P+ base26 
and the N+ emitter 28, thus enabling a subsequent pro- 
cess to form several self-aligned contact plugs to connect 
to the N+ collector 22, the P+ base 26 and the N+ emitter 
28, respectively. 

[0009] As mentioned above, a plurality of masks are used to fab- 
ricate the BJT according to the prior art. For example, dif- 
ferent masks are required to define the patterns of the 
alignment marks, the buried N+ doping region 12, the 
buried P+ doping region 18, the N+ collector 22, the P+ 
base 26 and the N+ emitter 28, and to combine the se- 



quences of the BJT fabrication steps with the CMOS tran- 
sistor fabrication steps. In this case, the total processing 
steps of the BJT become very complicated. In addition, 
during the repeated masking steps, such as forming the 
masks and removing the masks, the device is possible 

damaged to have a bad electrical performance. 
Summary of Invention 

[0010] it is therefore an object of the claimed invention to pro- 
vide a method of forming a BJT, so as to reduce the total 
numbers of masks for fabricating the BJT, simplify the 
processing steps and reduce the production costs. 

[0011] According to the claimed invention, a substrate with a 

plurality of isolation structures for defining at least an ac- 
tive area thereon is provided. Ions of a first conductive 
type are implanted into the substrate to form a doping re- 
gion in the active area. Following that, a protective layer is 
formed on the substrate, the protective layer having an 
opening to expose the doping region. A first doping layer 
of a second conductive type and a second doping layer of 
the first conductive type are formed on the doping region, 
respectively, to complete fabrication of the BJT. 

[0012] it j S an advantage of the present invention that the doping 
region formed in the substrate is used as a collector of the 



BJT. Therefore, the processing steps of forming the struc- 
tures of the alignment marks, the buried doping region, 
the epitaxial layer, the collector and the channel stops as 
in the conventional BJT are not necessary in the present 
invention. As a result, the total number of masks for fab- 
ricating the BJT of the present invention can be effectively 
reduced, so as to simplify the processing steps and re- 
duce the production costs. In comparison with the buried 
doping regions, the epitaxial layer and the collector of the 
conventional BJT, a shallower collector is formed in the 
present invention. Therefore, the resistance of the collec- 
tor can be reduced and a better electrical performance can 
be provided by the BJT of the present invention. In addi- 
tion, the present invention may further use the doping re- 
gion as an emitter, and use the second doping layer as a 
collector of the BJT. In this case, the advantages of omit- 
ting the conventional steps of fabricating the buried dop- 
ing region, the epitaxial layer, the collector and the chan- 
nel stops can also be approached. The total number of 
masks for fabricating the BJT is therefore reduced to sim- 
plify the processing steps and reduce the production 
costs. Furthermore, the resistance of the collector can be 
reduced to provide a better electrical performance accord- 



ing to the present invention. 
[0013] These and other objects of the claimed invention will be 
apparent to those of ordinary skill in the art after reading 
the following detailed description of the preferred em- 
bodiment that is illustrated in the various figures and 

drawings. 
Brief Description of Drawings 

[0014] Figs. 1-6 are schematic diagrams of a method of fabricat- 
ing a BJT according to the prior art; Figs. 7-14 are 
schematic diagrams of a method of fabricating a BJT ac- 
cording to a first embodiment of the present invention; 
Figs. 15A and 15B are top views of a BJT according to the 
present invention; and Figs. 16-24 are schematic dia- 
grams of a method of fabricating a BJT according to a sec- 
ond embodiment of the present invention. 
Detailed Description 

[0015] Referring to Figs. 7-14, Figs. 7-14 are schematic dia- 
grams of a method of fabricating a BJT according to a first 
embodiment of the present invention. Since the present 
method of fabricating the BJT can be optionally combined 
with processing steps of a CMOS transistor and the pro- 
cessing steps of the CMOS transistor are already well 



known by the current industry, Figs. 7-14 are focused on 
illustrating the processing steps of the BJTonly. 

[0016] As shown in Fig. 7, a substrate 40 with a plurality of isola- 
tion structures 42 for defining at least an active area A on 
the substrate 40 is provided. The isolation structures 42 
can be shallow trench isolation (STI) or field oxide layers. 
The substrate 40 can be a P-type silicon substrate. Then, 
an ion implantation process is performed, for example a 
doping process for forming a source/drain of an NMOS of 
a CMOS transistor on the substrate 40 is used together 
with a thermal treatment to form an N-type doping region 
44 within the active area A. The N-type doping region 44 
is used as an emitter of the BJT. Alternatively, the sub- 
strate 40 can be an N-type silicon substrate. In this case, 
an ion implantation process for forming a source/drain of 
a PMOS of a CMOS transistor on the substrate 40 is per- 
formed to form a P-type doping region 44 within the ac- 
tive area A. The P-type doping region 44 is used as an 
emitter of the BJT. 

[0017] Furthermore, the doping region 44 can also be used as a 
collector of the BJT. In this case, a doping process for 
forming a source/drain, an LDD, or a doping well of an 
NMOS or a PMOS can be selected to form the doping re- 



gion 44, depending on the conductive type and the dop- 
ing concentration of the doping region 44. An indepen- 
dent doping process with a specific dosage can be se- 
lected to dope the substrate 40 to form the doping region 
44, too. 

[0018] As shown in Fig. 8, a protective layer 46 is formed on the 
substrate 40. The protective layer 46 includes an opening 
48 to expose the doping region 44 and functions to cover 
the CMOS transistor or other devices on the substrate 40, 
thus facilitating the subsequent processes for forming a 
base and a collector over the doping region 44. The pro- 
tective layer 46 can be an oxide layer, a silicon nitride 
layer, or a composite layer composed of oxide, silicon ni- 
tride and other dielectric materials. If the processing steps 
of the BJT are not combined to the processing steps of the 
CMOS transistor, the protective layer 46 can be omitted. 

[0019] As shown in Figs. 9 and 10, two doping layers 50 and 52 
of different conductive types are formed on the substrate 
40, respectively. When the doping region 44 is an N-type 
doping region, the doping layer 50 is a P-type doping 
layer, such as a doped P-type polysilicon layer or a P-type 
epitaxial layer made of silicon, silicon germanium, or a 
composite of silicon and silicon germanium. In this case, 



the doping layer 52 is an N-type doping layer, such as a 
doped N-type polysilicon layer or an N-type epitaxial 
layer made of silicon, silicon germanium, or a composite 
of silicon and silicon germanium. Contrarily, when the 
doping region 44 is a P-type doping region, the doping 
layer 50 is an N-type doping layer, such as a doped N- 
type polysilicon layer or an N-type epitaxial layer made of 
silicon, silicon germanium, or a composite of silicon and 
silicon germanium. In this case, the doping layer 52 is a 
P-type doping layer, such as a doped P-type polysilicon 
layer or a P-type epitaxial layer made of silicon, silicon 
germanium, or a composite of silicon and silicon germa- 
nium. 

[0020] As shown in Fig. 11, a photolithographic process and an 
etching process are then used to remove a portion of the 
doping layer 52 to define the pattern of a collector 
(emitter) of the BJT. As shown in Fig. 12, a top view of the 
BJT indicates that the doping layer 52 covers a portion of 
the doping layer 50 and the doping layer 50 covers a por- 
tion of the doping region 44, so as to reserve the space 
for forming contact plugs (silicide layers) on the doping 
layer 50 and the doping region 44. 

[0021] Before the removal of the photoresist layer for patterning 



the doping layer 52, an ion implantation process can be 
optionally performed to implant ions of the same conduc- 
tive type with the doping layer 50 into the doping layer 
50, so as to reduce the resistance of the doping layer 50. 
Following that, as shown in Fig. 13, another photolitho- 
graphic and etching processes are used to remove a por- 
tion of the doping layer 50, so as to define the pattern of 
a base of the BJT. Finally, as shown in Fig. 14, a spacer 54 
is formed on either side of the doping layer 50 and on ei- 
ther side of the doping layer 52. A self-aligned silicidation 
process is performed to form a silicide layer 56 on sur- 
faces of the doing region 44, the doping layer 50 and the 
doping layer 52 to complete fabrication of the BJT. 
[0022] please refer to Figs. 15A and 15B of top views of a BJT of 
the present invention. As shown in Fig. 15A, the doping 
concentrations of the doping regions 44, the doping layer 
50 and the doping layer 52 can be controlled according to 
the present invention, so that the doping layer 52 posi- 
tioned above the doping layer 50 and the doping region 
44 can be used as a collector of the BJT, the doing layer 
50 positioned between the doping layer 52 and the dop- 
ing region 44 can be used as a base of the BJT, and the 
doping region 44 positioned below the doping layers 50 



and 52 can be used as an emitter of the BJT. As shown in 
Fig. 15B, the doping concentrations of the doping regions 
44, the doping layer 50 and the doping layer 52 can be 
adjusted according to the present invention, so that the 
doping layer 52 positioned above the doping layer 50 and 
the doping region 44 can be used as an emitter of the BJT, 
the doing layer 50 positioned between the doping layer 52 
and the doping region 44 can be used as a base of the 
BJT, and the doping region 44 positioned below the dop- 
ing layers 50 and 52 can be used as a collector of the BJT. 

[0023] Referring to Figs. 16-24, Figs. 16-24 are schematic dia- 
grams of a method of fabricating a BJT according to a sec- 
ond embodiment of the present invention. Since the 
present method of fabricating the BJT can be optionally 
combined with processing steps of a CMOS transistor and 
the processing steps of the CMOS transistor are already 
well known by the current industry, Figs. 16-24 are fo- 
cused on illustrating the processing steps of the BJT only. 

[0024] As shown in Fig. 16, a substrate 60 with a plurality of iso- 
lation structures 62 for defining at least an active area A 
on the substrate 60 is provided. The isolation structures 
62 can be shallow trench isolation or field oxide layers. 
The substrate 60 can be a P-type silicon substrate. Then, 



an ion implantation process is performed, for example a 
doping process for forming a source/drain of an NMOS of 
a CMOS transistor on the substrate 60 is used together 
with a thermal treatment to form an N-type doping region 
64 within the active area A. The N-type doping region 64 
is used as an emitter of the BJT. Alternatively, the sub- 
strate 60 can be an N-type silicon substrate. In this case, 
an ion implantation process for forming a source/drain of 
a PMOS of a CMOS transistor on the substrate 60 is per- 
formed to form a P-type doping region 64 within the ac- 
tive area A. The P-type doping region 64 is used as an 
emitter of the BJT. 
[0025] Furthermore, the doping region 64 can also be used as a 
collector of the BJT. In this case, a doping process for 
forming a source/drain, an LDD, or a doping well of an 
NMOS or a PMOS can be selected to form the doping re- 
gion 64, depending on the conductive type and the dop- 
ing concentration of the doping region 64. An indepen- 
dent doping process with a specific dosage can be se- 
lected to dope the substrate 60 to form the doping region 
64, too. 

[0026] As shown in Fig. 17, a protective layer 66 is formed on the 
substrate 60. The protective layer 66 includes an opening 



68 to expose the doping region 64 and functions to cover 
the CMOS transistor or other devices on the substrate 60, 
thus facilitating the subsequent processes for forming a 
base and a collector over the doping region 64. The pro- 
tective layer 64 can be an oxide layer, a silicon nitride 
layer, or a composite layer composed of oxide, silicon ni- 
tride and other dielectric materials. If the processing steps 
of the BJT are not combined to the processing steps of the 
CMOS transistor, the protective layer 66 can be omitted. 
[0027] As shown in Figs. 18 and 19, a doping layer 70, a stop 
layer 72 and a dielectric layer 74 are formed on the sub- 
strate 60, respectively. When the doping region 64 is an 
N-type doping region, the doping layer 70 is a P-type 
doping layer, such as a doped P-type polysilicon layer or a 
P-type epitaxial layer made of silicon, silicon germanium, 
or a composite of silicon and silicon germanium. Contrar- 
ily, when the doping region 64 is a P-type doping region, 
the doping layer 70 is an N-type doping layer, such as a 
doped N-type polysilicon layer or an N-type epitaxial 
layer made of silicon, silicon germanium, or a composite 
of silicon and silicon germanium. The stop layer 72 can be 
an oxide layer, a silicon nitride layer or a composite layer 
composed of oxide, silicon nitride and other dielectric 



materials. The dielectric layer 74 is made of oxide. 
[0028] As shown in Fig. 20, a photolithographic process and an 
etching process are then used to remove portions of the 
dielectric layer 74 and the stop layer 72, thus forming an 
opening 76 within the dielectric layer 74 to expose a por- 
tion of the doping layer 70. The opening 76 is used to de- 
fine the pattern of a collector (emitter) of the BJT. As 
shown in Fig. 21, a doping layer 78 having a conductive 
type different from that of the doping layer 70 is there- 
after deposited on the substrate 60 to fill the opening 76. 
When the doping layer 70 is a P-type doping layer, the 
doping layer 78 is an N-type doping layer, such as a 
doped N-type polysilicon layer or an N-type epitaxial 
layer made of silicon, silicon germanium, or a composite 
of silicon and silicon germanium. Contrarily, when the 
doping layer 70 is an N-type doping layer, the doping 
layer 78 is a P-type doping layer, such as a doped P-type 
polysilicon layer or a P-type epitaxial layer made of sili- 
con, silicon germanium, or a composite of silicon and sili- 
con germanium. Subsequently, a planarization process, 
such as an etching back process or a chemical mechanical 
polish process, is performed to remove a portion of the 
doping layer 78 to make the substrate 60 have an ap- 



proximately flat surface. 

[0029] As shown in Fig. 22, after the removal of the dielectric 

layer 74 and the stop layer 72, the pattern of the collector 
(emitter) of the BJT is defined by the remainder of the 
doping layer 78. Following that, as shown in Fig. 23, an- 
other photolithographic and etching processes are used to 
remove a portion of the doping layer 70, so as to define 
the pattern of a base of the BJT. Finally, as shown in Fig. 
24, a spacer 80 is formed on either side of the doping 
layer 70 and on either side of the doping layer 78. A self- 
aligned silicidation process is performed to form a silicide 
layer 82 on surfaces of the doing region 64, the doping 
layer 70 and the doping layer 78 to complete fabrication 
of the BJT. A top view of the BJT of the present embodi- 
ment is similar to those shown in Figs. 15A and 15B. The 
doping layer 78 covers a portion of the doping layer 70, 
and the doping layer 70 covers a portion of the doping 
region 64, so that a predetermined space is reserved for 
forming contact plugs (silicide layers) on the doping layer 
70 and the doping region 64. 

[0030] | n contrast to the prior art, the method of the present in- 
vention uses the doping region formed in the substrate to 
be the collector of the BJT. Therefore, the processing 



steps of forming the structures of the alignment marks, 
the buried doping region, the epitaxial layer, the collector 
and the channel stops as in the conventional BJT are not 
necessary in the present invention. At least five masks, 
three high-temperature furnace processes and several 
photolithographic processes, ion implantation processes 
and thermal treatments can be omitted from the present 
invention. As a result, the total number of masks for fab- 
ricating the BJT of the present invention can be effectively 
reduced, so as to simplify the processing steps and re- 
duce the production costs. In comparison with the buried 
doping region, the epitaxial layer and the collector of the 
conventional BJT, a shallower collector is formed in the 
present invention. Therefore, the resistance of the collec- 
tor can be reduced and a better electrical performance can 
be provided by the BJT of the present invention. In addi- 
tion, the present invention may further use the doping re- 
gion as the emitter, and use the second doping layer po- 
sitioned at the top of the BJT structure as the collector. In 
this case, the advantages of omitting the conventional 
steps of fabricating the alignment marks, the buried dop- 
ing region, the epitaxial layer, the collector and the chan- 
nel stops can also be approached. The total number of 



masks for fabricating the BJT is therefore reduced to sim- 
plify the processing steps and reduce the production 
costs. Furthermore, the resistance of the collector can be 
reduced to provide a better electrical performance accord- 
ing to the present invention. 
[0031] Those skilled in the art will readily observe that numerous 
modifications and alterations of the method may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



